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Bilateral Wilms’ Tumors

S. Kumaravel

24.1 Introduction

Bilateral Wilms’ tumors (BWT) though not very
common, the occurrence of bilateral tumors in
kidneys of children especially less than 10 years,
is almost always WT. BWT with an overall inci-
dence between 4 and 8% may either present
simultaneously at presentation, i.e., synchronous
(6.3%) or at a later date in the opposite kidney
(metachronous 0.85%) [1, 2]. BWT differ from
unilateral WT (uWT) by presenting earlier—
peak incidence about 12—14 months earlier than
uWT [3], having much rarer incidence (only one
in 20 of all WT), being frequently associated with
germline genetic or epigenetic aberrations, and
having a higher association of constitutional pre-
disposing syndromes. Associations with syn-
dromes not only pose difficulties during current
management, but also have serious significant
implications for long-term management, surveil-
lance, and predisposition for poor renal out-
comes. BWT is also associated with a much
poorer outcome both oncologically—a 4-year
event-free survival (EFS) of 56% for BWT vs.
85% for uWT [4] and poor renal functional out-
comes, i.e., with 20-year cumulative incidence of
chronic kidney disease (CKD) III or above of
12% in BWT against a measly 0.6% in uWT
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cases. The further challenges of BWT manage-
ment include the complexity of decision-making,
lack of clear guidelines or confusing guidelines,
and lack of high-quality multicentric trials/stud-
ies exclusive to BWT until very recently [5].
Historically, neoadjuvant chemotherapy (ChT)
used to be administered for long durations
expecting a favorable response and resultantly
the surgical treatment used to be inordinately
delayed. Prolonged ChT has its own short- and
long-term morbidity. Balancing appropriate
timely surgical resections to maximize renal
preservation at the same time obtaining good
oncological outcomes is the greatest challenge of
BWT [6, 7].

24.2 Definition of BWT
from a Management Point
of View

WT is managed as per principles of BWT when
[4, 6]

1. Tumor masses more than 1 cm are present in
both kidneys simultaneously (synchronous),
or a single lesion of > 1 cm or multiple lesions
of any size in the contralateral kidney.

2. A second tumor develops in the other kidney
in a patient who has previously been treated
for WT (metachronous).

3. WT in one kidney with nephroblastomatosis
(NBL) in the other kidney.
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4. Syndromic patients with an initial presenta-
tion of uWT but carrying a high probability of
BWT later may also benefit from being treated
similar to those patients presenting with BWT.

24.3 Molecular Genetics
and Predisposing Factors

Genetically predisposed tumors are likely to
occur earlier as well as bilaterally, either syn-
chronously or metachronously. Nephrogenic
rests (NRs), which signify early disruption in
renal development, are also associated with bilat-
eral lesions [3].

BWT are frequently associated with germline
genetic or epigenetic aberrations and a higher
association of constitutional predisposing syn-
dromes like WAGR syndrome (17%) and Denys—
Drash syndrome (DDS) (20%). BWT has been
shown to develop in 17-52% of various WTI1
germline alterations. About 17% of Beckwith—
Wiedemann syndrome (BWS) develop BWT; the
penetrance of these aberrations is lower. However,
incidence of BWT in patients Perlman syndrome
is about 55%.

A pertinent question could be “why don’t
these syndromic patients develop bilateral WT in
all cases”? This is because of the necessity of a
second event (second hit) separately for each kid-
ney prior to the development of a tumor. It is also
shown that there exists a differential selection
pressure for development of a second event for
different mutations, case in point: DIS3L2 of
Perlman’s syndrome shows a greater incidence of
BWT as compared to the IGF2/H19 mutations of
BWS. Also, mosaicism exists in children, i.e.,
different organs or tissues or even cells in tissues
may or may not demonstrate the aberration.
Hence, each kidney may or may not have the
mutation especially if the aberration occurs later
in renal development.

244 Epidemiology

One of the important differences is the early age
of onset. It has been shown in several studies that
BWT occurs predominantly in 15-42 months

(3.6 years) [3, 8], almost about 12—14 months
earlier than the peak incidence of uWT cases.
Moreover, the younger the age at presentation,
higher is the chance of syndromic association.
Two groups of syndromes are commonly associ-
ated with BWT in a majority of the cases—one
associated with genitourinary abnormalities and
the other with overgrowth syndromes.

24.5 Clinical Features

While the usual clinical features of uWT are also
seen in BWT, the differences include earlier pre-
sentation, association with typical syndromes,
aniridia, hemihypertrophy, and genital abnormal-
ities/ambiguity in patients with BWT. Isolated
genitourinary anomalies (not related to syn-
dromes) are more common in association with
BWT, mostly cryptorchidism and hypospadias.

Hypertension should be looked for and
documented.
24.6 Investigations

The child is investigated similar to any WT; how-
ever following additional points may need to be
remembered and addressed.

A contrast-enhanced computerized tomogra-
phy (CECT) (Fig. 24.1) scan of the abdomen
and thorax, or a magnetic resonance imaging
(MRYI) of the abdomen, is necessary, more so in
suspected cases of BWT (Fig. 24.2). Since
smaller lesions and NRs are usually isoechoic
to renal parenchyma on ultrasound (US), CECT
or MRI is more sensitive in picking up BWT
[9]. Additional information sought include
number (in multifocal tumors), size, and vol-
ume of the tumor(s) in each of the kidneys,
presence of enlarged retroperitoneal lymph
nodes (LNs), preoperative tumor rupture, pres-
ence of ascites, and metastatic disease in liver
and thorax. The goal in management of BWT is
to maximise renal preservation without com-
promising on adequacy of oncological clear-
ance and the 3-D computer volume rendering
images and the 3-D printing models could help
the surgeon to plan and execute complex sur-
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Fig.24.1 CT abdomen, pelvis, and thorax showing bilat-
eral multiple tumor masses (white arrows-tumor masses,
black arrows-normal kidney). (a) Axial sections. (b)
Coronal sections showing bilateral masses, left renal ped-

geries, preservation [7, 10]. Although MRI is
nowadays being preferred for the abdominal
examination, non-contrast CT scan of the chest
is mandatory to rule out pulmonary metastases.
Though CECT and MRI have shown to similar
diagnostic accuracy as regard the locoregional
disease, MRI has some distinct advantages in
differentiating NBL. In T, weighted images,
NBL is usually hypointense compared to the
cortex; however, it is hyperintense in T,
weighted images similar to the cortex [3, 11].
NR are also more lenticular or ovoid, smaller
(<2 cm) and of uniform signal intensity, while
WT is likely to be rounded [12]. MRI in post-

icle sandwiched between the two masses, right side ves-
sels stretched over the upper pole mass. (¢) CT Thorax- lung
window showing no metastases. (d) Sagittal sections
showing right kidney in d1 and left kidney in d2

ChT patients show bright lesions in T, and
Short-Tau  Inversion  Recovery  (STIR)
sequences in case of active NR/WT; inactive
NRs are dark on the same sequences. MRI,
however, requires specific protocols to maxi-
mize its utility so that high-spatial-resolution
post-contrast images are obtained. One can take
advantage of diffusion-weighted MR images to
detect smaller lesions, both WT and
NR. Histological risk assessment especially in
the post-ChT preoperative scans using whole
tumor Apparent Diffusion Coefficient (ADC) is
the new kid on the block, as it can predict stro-
mal subtype histopathology, thus having a
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Fig. 24.2 MRI T2 coronal section showing multiple,
hyperintense tumors in the right kidney (3 nodules) and
left kidney (2 nodules)

prognostic role based on the inverse relation of
ADC to the cellularity of the tumor. However, it
is not shown to be useful in differentiating WT
from NRs [9].

18-FDG PET-CT studies are currently not
shown to have much role in the evaluation of BWT
as it does not differentiate WT from NR [11].

24.7 Management of BWT

Unlike uWT, BWT has currently uniform man-
agement policy across the world. Upfront bilat-
eral radical nephroureterectomies for BWT would
render the child anephric and, hence, upfront ChT
followed by conservative surgery is universally
accepted as the ideal management with improved
outcomes [4, 6, 13]. Neoadjuvant ChT is insti-
tuted to make bilateral nephron sparing surgery
(NSS) a possibility in a majority of the cases with-
out increasing local recurrences. Historically, two
mistakes in management were done- too much/
too long ChT preoperatively hoping for the tumor
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to shrink resulting in significant morbidity and
performing too much radical a surgery resulting
in unnecessary renal loss. These stand corrected
today with the concerted efforts of multidisci-
plinary teams. Postoperative ChT and radiother-
apy (XRT) is instituted appropriately keeping in
mind to minimize the additional risks of morbid-
ity including additional nephrotoxicity.

24.7.1 Neoadjuvant Therapy

The goal of neoadjuvant therapy is to reduce
the size of the lesions so that bilateral NSS can
be attempted in the majority of patients.
Historically, multiple drugs with varied doses
were administered. The current COG protocol
(AREN 0534), also endorsed by Indian Council
of Medical Research (ICMR) [14], is to admin-
ister two 3-weekly cycles of 3-drug regime
VAD utilizing Vincristine (VCR), Actinomycin
D (AMD), and Doxorubicin (DOX). SIOP,
however, still advises VCR (1.5 mg/m?) and
AMD (45 pg/kg) for 4 weeks for non-meta-
static BWT initially.

After 4 of 6 weeks of ChT as per the protocol
being followed, the tumor response is assessed
by US (SIOP) or CECT (COG) to document any
decrease in size of the tumors and to assess the
feasibility of NSS using RECIST criteria.

In COG protocol (AREN 0534), in case the
tumor is responding to the ChT as demonstrated
by a decrease in 50% volume reduction or 30%
reduction in the sum of the diameters of target
lesions (using Response Evaluation Criteria in
Solid Tumors [RECIST]), but NSS is still not fea-
sible, ChT can be continued for a further period of
6 weeks [4, 6]. Surgery is performed regardless of
tumor status at the end of 12 weeks. The reason to
avoid prolonged ChT beyond 12 weeks is that
poor response may be due to unfavorable histolo-
gies. These include diffuse anaplasia (DA), non-
responding blastemal predominance, which do
not respond to further ChT. It may also be due to
the contrasting scenario of stromal predominance,
which may have adequately responded but has not
shrunk in size. Rhabdomyomatous transformation
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does not shrink or may even increase in size; how-
ever, this is a sign of good response to ChT. There
is also a concern that anaplastic transformation is
associated with prolonged administration of neo-
adjuvant ChT [15]. For the above reasons, the true
picture is revealed only on histopathological
examination of the excised specimen.

However, if the initial response after 6 weeks
of neoadjuvant ChT is poor, i.e., <30% reduction
in tumor volume, then bilateral open wedge biop-
sies are advocated in these patients. If anaplasia
is detected, then an intensified ChT with VCR,
AMD, DOX, Cyclophosphamide (CTX),
Carboplatin (CARB), and Etoposide (ETOP) is
used for further 6 weeks. If blastemal predomi-
nance is detected, regimen I, i.e., VCR, AMD,
DOX, CTX, and ETOP, is advocated for 6 more
weeks. For all other histologies, VAD is contin-
ued for 6 more weeks. In any case, surgery is car-
ried out after 12 weeks of ChT. Though bilateral
NSS is strongly recommended, if it is not feasi-
ble, then unilateral radical nephrectomy on the
worse side with NSS on the contralateral kidney
is carried out.

In SIOP protocol, if the disease is stable or pro-
gressive on US review at 4 weeks of 2-drug regi-
men, then DOX (50 mg/m?) is added and second
assessment at 8 weeks is carried out with
CECT. Newer recommendations of CARB, ETOP,
in lieu of DOX so as to spare the child from doxo-
rubicin toxicity are also noted [16]. If tumor
response is present, ChT is continued for a further
4 weeks and NSS is carried out. Note the avoidance
of prolonged use of neoadjuvant ChT beyond
12 weeks in SIOP also, at which point, the patient
would be subjected to surgery [17]. In any case, at
some stage, bilateral NSS is performed either in a
single stage approach or in two separate operations
performed not more than two post-operative cycles
apart. If staged, then the less involved kidney
should be operated on first. Complete nephrectomy
on one side with NSS on the opposite side is accept-
able providing enough functional renal tissue can
be preserved. Rarely, the patient may need to
undergo bilateral nephrectomy with a planned
renal transplantation a year or 2 later if complete
response (CR) is achieved.

A biopsy is not indicated in either of the two pro-
tocols prior to starting neoadjuvant ChT unless
there are very atypical features like age more
than 10 years, unusual imaging findings like
encasement of vessels, voluminous lymphade-
nopathy, unusual metastasis like bone(<2 years)
or brain, etc. are present [12, 18].

24.7.2 Surgical Management

Several surgical options are available in the man-
agement of BWT [6, 11].
They include:

1. Bilateral NSS.

(a) Partial nephrectomy—ensuring a rim of
normal renal tissue separating tumor from
the resection margin.

(b) Marginal resection—tumor along with its
pseudocapsule intact; however, no normal
renal tissue margin is present.

(c) Longitudinal partial nephrectomy for
central tumors [19].

(d) Bench surgery with ex situ perfusion and
autotransplantation [20].

2. Nephroureterectomy on worse side and NSS
on the contralateral side.

3. Bilateral nephroureterectomy and delayed
renal transplantation.

The twin goals of adequate oncological clear-
ance with maximal renal preservation are best met
by Bilateral Marginal Resections of all tumors,
however, may not be feasible in all. Large series
from some of the acclaimed centers reiterate that
this is feasible in about 90% of cases despite of
seemingly unfavorable initial imaging [6].

After administration of neoadjuvant treat-
ment, the surgical team has to consciously decide
whether decision to operate both sides simultane-
ously, or sequentially with a 1- to 4-week gap.
SIOP recommends sequential surgery with the
better side carried out first and carry out the next
after 1-2 weeks for recovery [17]. However,
acclaimed centers like St. Judes, Memphis, rec-
ommend simultaneous NSS citing no proven
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advantage of sequential surgeries [21]. Given the
rarity of BWT and the duration and blood loss
associated with NSS, varying levels of expertise/
experience available, prudence suggests sequen-
tial surgery may be carried out until evidence
from suitable studies suggest that simultaneous
NSS is superior.

Radical nephroureterectomy is recommended
even in BWT in certain situations, and these are
the presence of DA and supra-hepatic IVC tumor
thrombus not responding to ChT (incomplete
regression). It is however extremely rare for both
the kidneys to have DA, and hence usually NSS
on the contralateral side is feasible.

Evaluation of the feasibility of NSS is usually
carried out using multiphase contrast-enhanced
CT scan of the abdomen and pelvis (Fig. 24.3).
3D reconstructions are also carried out. Even
though predefined criteria are not available at
present, polar and/or peripheral lesions, with no
encasement or invasion of the renal vessels, are
easy to excise. Even though the large tumors or

those with proximity to renal vasculature, masses
abutting the vessels, central masses, and multi-
ple tumors may appear ominous on imaging, it
may be feasible to undertake NSS safely with
minimal risk of positive margins by one of the
techniques mentioned above. It is to be remem-
bered that WT grows by compressing adjacent
parenchyma, which forms a pseudocapsule (or
even a fibrous capsule), which lends itself to
careful dissection outside the tumor margin, irre-
spective of the size of the tumor (Fig. 24.4).
Acceptance of additional expertise or referral
may save the patient from nephrectomy in some
of these cases [6].

Given the varieties of nephron sparing meth-
ods described and the different terminologies
used leading to great confusion (e.g., wedge
resection, partial nephrectomy, polar nephrec-
tomy, tumorectomy, enucleation, etc.), a standard-
ized format for reporting NSS is essential. Such a
standard reporting format has been described [13,
22] with four parameters, viz., Surgical Technique

Fig. 24.3 CECT abdomen showing response to ChT (a) at presentation. (b) After post-treatment drug ChT reduction
of more than 50% volume noted (arrowheads, pretreatment lesions; white arrows, post-treatment preoperative lesions)
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Fig. 24.4 (a) Intraoperative photo after completion of
marginal excision and in folding of edges sutured with
pledgeted sutures (arrowhead). Renal vein is shown by
white arrow and IVC shown by black arrow. (b) Tumors
post bilateral NSS; CECT (volume rendered image) show-
ing tumor remnant of the right kidney (arrowhead) with
approximate reniform shape

(partial nephrectomy: i.e., with a rim of normal
tissue or enucleation, i.e., without a rim); Surgical
Resection Margin (surgeon’s description of pres-
ence of tumor breach or doubtful breach or with
intact pseudocapsule); Pathological Resection
Margin (i.e., intact or tumor breach present); and
Remaining Renal Parenchyma (estimated by the
surgeon as a percentage at end of surgery).

Use of standardized reporting will at least in
the future ensure accurate comparable data to
understand and apply the best possible surgical
intervention.

24.7.3 Adjuvant Therapy for BWT

All cases of BWT require some form of adjuvant
therapy. The actual adjuvant therapy depends on
staging (factors including tumor margins, LN
status, the occurrence of tumor rupture preopera-
tively or during surgery, etc.) and risk stratifica-
tion based on histological criteria (anaplasia,
blastemal predominance, percentage of necrosis,
etc.) [23, 24].

Staging and risk stratification (according to
SIOP 2001 protocol) is similar to uWT, and each
side has to be staged (stage I-III) and risk-
stratified separately. Treatment is based on the
higher stage and risk stratification recorded. As
far as SIOP recommendations are considered, the
adjuvant treatment is same as that for uWT of
comparable stage and risk except for stage I low
risk, where ChT of stage I low risk, i.e., 27 weeks
of VA, is advocated [16, 17].

AREN 0534 has recommended the following
adjuvant treatment based on histological and
stage criteria [4]:

1. BWT with stage I and II completely necrotic
tumors and stage 1 Intermediate Risk (IR)
tumors are treated with 19 weeks of VCR and
AMD.

2. BWT with stage 1 blastemal predominant,
stage III and IV completely necrotic tumor,
stage II-IV IR, stage I-III focal anaplasia,
and stage I diffuse anaplasia are treated with
25 weeks of VAD.

3. BWT with stage [I-1V blastemal predominant
receive VCR, AMD, DOX, CTX, and ETOP
for 28 weeks.

4. Stage IV focal anaplastic tumors and stage II-
IV diffuse anaplastic tumors in BWT will
receive VCR, AMD, DOX, CTX, CARB, and
ETOP for 31 weeks.

Significant differences in drugs used exist
between SIOP and AREN0534, especially in the
higher-risk groups.

In bilateral WT, paraaortic nodes cannot be
accorded to the one or the other side. If only LNs
are positive, then XRT is given only to paraaortic
LNs. However, the local renal specimen will be
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staged individually and could be stage I, II, or III
(positive margins, residual disease left after sur-
gery, tumor rupture). If one or both sides are
stage III (any histology) or stage II anaplastic,
then accordingly unilateral or bilateral flank XRT
along with XRT to paraaortic LNs would be
administered. Dose to the whole kidney should
not exceed 10-12 Gy (12 Gy maximum dose),
even if there is unfavorable histology (UH).
Brachytherapy could be given in selected cases.
Whole abdominal irradiation (WAI) is reserved
for large tumor spill intraoperatively involving
areas outside the tumor bed as determined by the
surgeon, tumor rupture before surgery, and pres-
ence of peritoneal metastases [4].

24.8 Special Circumstances

24.8.1 Completely Resolved Tumors
BWT that have completely disappeared on
6 and 12 weeks of neoadjuvant ChT are treated
as per the stage of the disease, i.e., localized dis-
ease or metastatic disease before ChT. Non-
metastatic CR in both kidneys is treated with a
further two-drug regime of VCR and AMD for a
duration of 19 weeks and metastatic disease
with CR with VAD for 25 weeks; no surgery is
performed [4].

24.8.2 Metastatic Disease

Metastatic disease at presentation with CR bilat-
erally with only neoadjuvant ChT is treated with
further VAD for 25 weeks [4, 6].

24.8.3 Positive Margins

Positive margins on histology convert the disease
to stage III, and the patient receives flank
XRT. However, in the presence of diffuse anapla-
sia with positive margins, completion nephrec-
tomy with adjuvant flank XRT should be seriously
contemplated, considering the poor prognosis of
patients with diffuse anaplasia.

24.9 Renal Transplantation

Children who are rendered anephric due to bilat-
eral nephrectomy either in synchronous or meta-
chronous disease or develop End Stage Renal
Disease (ESRD) due to any reason are in require-
ment of renal transplantation. Traditionally, this
has been delayed for 2 years of EFS before being
offered as this is the duration of maximal relapse.
However, newer data suggests earlier transplanta-
tion as equivalent outcomes [25]. In cases where
live-related donors are available, 1-year wait
period has been suggested to be sufficient.

24.10 Follow-Up and Outcomes

ICMR adapting from SIOP provided the follow-
ing guidelines for follow-up of children with
BWT [14]:

1. Along with clinical examination including
blood pressure monitoring, all children with
BWT should undergo chest X-ray and ultra-
sound evaluation every 2 monthly for the first
2 years followed by 3 monthly for the next
2 years and annually for 10 years.

2. Six-monthly evaluation for proteinuria and
serum creatinine is also recommended
indefinitely.

24.11 Prognosis and
Long-TermOutcomes

Unlike in uWT, BWT is prognosticated against
two parameters—oncological and renal func-
tional outcome.

Oncologically speaking, metastatic disease at
onset, UH including diffuse anaplasia, advanced
loco-regional stage, and age at diagnosis of more
than 3 years seem to be associated with poor
prognosis [11]. Surprisingly, positive tumor mar-
gin in NSS does not seem to increase recurrences
provided XRT is given [26].

Renal functional prognosis is related to the
type of surgery performed, prolonged ChT and/or
concurrent XRT, metachronous disease, associ-
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ated syndromes especially WTI1 related, e.g.,
DDS and WAGR (20-year ESRD rate of 82.7 and
43.3, respectively) and progressive disease end-
ing in bilateral nephrectomy. Earlier age at dis-
ease (i.e., <24 months) is also associated with
higher ESRD [18].

BWT has been associated with a much
poorer prognosis compared to uWT, a 4-year
EFS of about 56% (NWTS-5) and 10-year over-
all survival (OS) of only 69% (SIOP) [7].
Historically, long-term renal outcome in con-
text of ESRD is of crucial importance and
found to be 4% at 3 years in synchronous and
19.3% in metachronous BWT [14]. The same
increases to 12% at 20 years and much worse
for syndromic children up to 80%. Poor out-
comes are multifactorial including increased
anaplasia in BWT, inappropriate staging, and
prolonged ChT [15].

Several single-institution studies and the
recently reported multicenter trial AREN 0534
report improved outcomes with an enhanced
application of NSS and better utilization of pre-
operative ChT. Davidoff et al. reported (about
90% NSS rate) a 3-year EFS of 64% with a 4-year
OS 85.7% [1]. With a maximum follow-up of
13 years, none had estimated glomerular filtra-
tion rate (¢GFR) <60 and 8.3% had CKD stage 2.
AREN 0534 reported a 4-year EFS and OS of
82% and 94.9%, respectively. These remarkable
results seem to stem from two interventions, i.e.,
decreasing the overall duration of preoperative
ChT and tailoring the postoperative ChT accord-
ing to post ChT histological response [4]. The
utilization of 3-drug preoperative ChT which has
been shown to cause greater shrinkage may also
have led to greater utilization of NSS.

While the short-term renal functional out-
comes of increased use of NSS bilaterally is
encouraging, more long-term data with a larger
number of patients will provide greater clarity.

24.12 Future Directions

While there are many unanswered questions spe-
cific to BWT, some appear more urgent than
others.

The utility of three drugs vs. two drugs as pre-
operative ChT seems to have been established
both in AREN 0534. Assessing response to neo-
adjuvant ChT seems to be still dependent on
imaging, and current imaging techniques seem
inadequate. The alternative of performing open
biopsies seems too invasive. Tumor shrinkage or
reduction as assessed by CECT is currently
accepted. Failure of ChT to result in significant
size reduction does not always mean failure of
ChT for reasons mentioned previously and is cur-
rently the Achilles heel of preoperative ChT eval-
uation. Advanced functional imaging may be the
solution. Solutions are being searched using
advanced functional imaging. Apparent Diffusion
Coefficient (ADC) can be calculated using diffu-
sion weighted MRI. It has been shown that the
higher the cellularity of tissues, the lower is the
ADC; conversely poorly cellular areas show
higher ADC value [27, 28]. This inverse relation-
ship of ADC with cellularity of tissues can be
harnessed to differentiate response to ChT.

A second area of constant debate: whether
enucleation/marginal resection is adequate, or
partial nephrectomy is superior. While
single-center studies have tried to answer this
question with small but significant numbers,
large multicentric trial-based data would help
surgeons globally to make informed decisions.

Thirdly, the question of evaluation and assess-
ment of renal function in the post-operative
patient. Absolute eGFR, the current standard for
evaluating renal function, has been criticized as
not being clinically significant in patients under-
going renal resections as it is for patients devel-
oping CKD due to medical conditions [29]. There
is also considerable variability in evaluating and
reporting renal outcome measures and standard-
izing the same will help enormously.

Epidemiological studies along with molecular
genetic analysis when carried out may also be of
great help not only in assessing the contribution
of the various mutations to bilateral disease but
will also clarify their role in the risk of develop-
ing renal failure. It may also provide clues to
which patient may require NSS, thus helping in
adapting and making personalized treatment
plans for individual patients.
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